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Introduction
Negative myoclonus (NM) is defined as brief, jerky, involuntary movements due to interruption of muscular activity causing a sudden postural pause. 1 This motor disturbance can be observed in various clinical conditions, ranging from physiological NM to asterixis, a form of NM observed in pa-*Corresponding author. Tel.: +81-3-3815-5411x33454; fax: +81-3-3816-4108.
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tients with toxic-metabolic encephalopathies, or as a paroxysmal phenomenon, labeled epileptic NM, in epileptic patients. 2 Although cortical or subcortical origin of the epileptic NM has been demonstrated, 3 the exact neuronal pathway is not clear. We here present the clinical course of NM in a patient with atypical benign partial epilepsy (ABPE) 4 whose NM disappeared after ethosuximide treatment. We analyzed ictal records of magnetoencephalography (MEG), EEG and electromyography (EMG). To our knowledge, this is the first report of ictal MEG analysis of NM in a patient with ABPE.
Case report
This 8-year-old girl had been healthy until she developed nocturnal seizure at the age of 6 years and 8 months. The seizure consisted of frequent blinking, left-sided facial twitching and eye ball deviation, and occasionally progressed to generalized tonic-clonic seizure. Based on the seizure type, the right centro-temporal rolandic discharges (RD) on EEG and normal brain MRI, she was diagnosed as having benign rolandic epilepsy (BRE) and valproate (VPA) was started. Four months later, tonic seizures of left-sided face and upper limb developed. Therefore, carbamazepine (CBZ) was added to VPA. Three weeks after CBZ introduction, frequent negative myoclonus (NM) of the bilateral upper limbs developed. Brief head nodding was also occasionally observed. NM disturbed her daily activities such as writing and eating with chopsticks or spoon, but the lower limbs were not involved. As shown in Fig. 1 , silent periods of 200-300 ms duration (negative myoclonus) were seen in the right sternocleidomastoideus (SCM) and bilateral biceps muscle synchronously when the patient held her hands in an extended fashion and turned her neck to the left. These silent periods were always associated with bilateral centro-parietal spike and wave complex. NM was not preceded by positive myoclonus. After discontinuation of CBZ, clobazam was partially effective for the NM for only 3 months. Because of the presence of NM in addition to sylvian seizure, the patient was diagnosed as having atypical benign partial epilepsy (ABPE). At the age of 7 years and 9 months, she was admitted to our hospital to investigate the pathophysiology of the NM using MEG. After the investigation, ethosuximide (ESM) was started and the NM completely disappeared.
Methods

Simultaneous MEG, EEG and EMG recording
Polygraphic recordings of magnetoencephalography (MEG), EEG and electromyography (EMG) were made in a magnetically shielded room. The neuromagnetic fields were recorded with a 204-channel whole-head neuromagnetometer (Neuromag Ltd., Finland). During the recordings, the patient sat in a chair and was asked to hold up the bilateral upper limbs in an extended position to induce frequent NMs of the bilateral hands and/or neck. On EEG and MEG, bilateral or right-sided paroxysms were appeared and some were associated with NMs. The recording passband was 0.1-200 Hz and the sampling rate was 591 Hz. Single equivalent current dipoles (ECDs) were calculated from 30-40 adjacent channels for each spike component associated with NM, using an iterative least squares minimization algorithm. 5 The calculated ECDs were selected on the basis of a goodness-of-fit (GOF) >90%. The GOF is an index of agreement between the observed and calculated magnetic fields. To superimpose the estimated generator sources of spikes on the head MRI, the position of the subject's head relative to the MEG instrument is determined by measuring the magnetic fields produced by four marker coils attached to the scalp. Before the measurements, the location of the marker coils in relation to cardinal points of the head (nasion, left and right pre-auricular points) were determined using an Isotrak 3D-digitizer (Polhemus Inc., USA). Multiplanar head 3D-MRIs were obtained with a Sigma 1.5 T MRI system (G.E. Medical Systems, USA).
Somatosensory evoked fields (SEFs) to median nerve stimulation
Somatosensory evoked fields (SEFs) were also measured with the same system in an awake state. The median nerve was stimulated at the wrist with a constant-current pulse of 0.2 ms duration at a strength three times above the sensation threshold. The analysis time was 50 ms before and 200 ms after the stimuli. The ECD of the component of the SEF showed the location of the central sulcus and allowed a visualization of the spike localization.
Results
Polygraphic recording of MEG, EEG and EMG
Because of motion artifact, it was difficult to analyze the MEG signals of NM affecting both the neck and bilateral hands. Fortunately, we could record and analyze NM of the right upper extremity associated with left-sided paroxysm on EEG and MEG Figure 2 Polygraphic records of EEG, whole-head MEG and EMG (the right biceps muscle).
without motion artifact. As shown in Fig. 2 , a silent period of 200-300 ms duration in the right biceps muscle was associated with paroxysm on EEG and MEG. Fig. 3 shows magnetic source imaging of left-sided spike and wave complex which induced NM of the right hand. The magnetic fields of each peak showed clear single dipole pattern and equivalent current dipoles of each peak were located in the area inferior and anterior to the primary hand sensory cortex (SI); that is, the neck and orofacial division of the primary motor cortex (MI). The distance between SI and the center of gravity of the obtained sources were about 20 mm. The hand division of MI was not always included in the current source associated with NM. On interictal records while lying on the seat with her head, neck and extremities relaxed, the current source of bilateral spikes was also localized in the same area; that is, the neck and orofacial division of MI.
Magnetic source imaging
Discussion
The main finding of the present study was that the current source of the spikes associated with NM of the bilateral hands or neck was localized mainly in the lower precentral area including the neck and orofacial division of the primary motor cortex. This was an area about 20 mm located antero-inferiorly to the hand division of the primary somatosensory cortex obtained by SEF study. We previously reported that RDs originated from the pre and postcentral area (the orofacial or hand division of the primary sensorimotor cortex) in patients with BRE. 6 As for localization of paroxysms, there was no definite difference between our case and typical BRE, so some functional alteration of the cortex or thalamocortical circuit should be considered when we discuss the pathophysiology of NM. As Tassinari et al. indicated, 2,3 NM can occur in heterogenous epileptic disorder, ranging from benign syndromic conditions such as BRE to focal static lesional epilepsy, and even to progressive myoclonic encephalopathies. They demonstrated that epileptic NM originated in the cortex including the centroparietal and frontal supplementary motor areas, and that a cortical inhibitory active mechanism plays an important role in the genesis of epileptic NM. Regarding the origin of epileptic NM, our case is different from Tassinari et al.'s cases, because the current source of NM in our case clustered in the neck and orofacial division of the primary motor cortex. As clinically evident, NM was induced when a given group of muscles showed tonic activity, whereas NM was not observed when the muscles was at rest. Thus, preexisting firing of the motor cortex seems to require the genesis of NM. Ikeda et al. 7 demonstrated that the inhibitory mechanism within the primary sensorimotor cortex most likely plays an important role in eliciting brief negative motor phenomena such as cortical NM or silent periods. They also showed that there was no silent period observed following the direct cortical stimulation of either pre-supplementary motor areas or lateral negative motor areas with a single electric pulse through subdural electrodes. These findings support that the neck and orofacial motor cortex itself in our patient may play a key role in the genesis of NM.
During our patient's therapeutic course, it must be noted that CBZ triggered NM, and that neither VPA nor clobazam were effective, and that finally ESM was effective for NM. It has previously been reported that CBZ induced NM, while ESM had a beneficial effect on NM. [8] [9] [10] [11] According to Oguni et al. 8 the pharmacological opposite responses of epileptic NM to CBZ and ESM were quite similar to those of absence seizures. CBZ is Na-channel blocker, and VPA and clobazam are GABA-mediated drugs. ESM is considered the prototypical absence seizure drug that blocks the T-type Ca 2+ current by inhibition of T-type Ca 2+ channels in thalamic neurons at a therapeutic concentration. 12 Furthermore, Richards et al. 13 demonstrated that the target of ESM effect on absence seizure was not only thalamic nuclei but also the corresponding cortex. Taking the beneficial effect of ethosuximide (a T-type Ca 2+ channel blocker in thalamic neurons and the cortex) and the MEG result together, it is suggested that an abnormal interaction of thalamo-cortical network might be closely related to the pathogenesis of NM.
Conclusion
In this case, MEG clearly showed that abnormal firing of the neck and orofacial division of the primary motor cortex played an important role in generating NM. Furthermore, clinical effect of ethosuximide for NM suggested abnormal thalamo-cortical interaction.
